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Abstract
The low cycle fatigue property of Al-5Zn-2Mg high strength aluminum alloy with T5 heat treatment was tested, and the fatigue
damage behaviors were observed by OM, SEM and TEM. The results show that the rolling direction of Al-5Zn-2Mg high
strength aluminum alloy is distinct. The separations, such as inclusions, mostly distribute along the rolling direction. The :;
(MgZn2) transitional strengthening phases are precipitated in Al-5Zn-2Mg aluminum alloy, and mostly distributed in grain
boundary. The appearance of strengthening phase is ellipsoid. Its diameter of short axis is about 20nm, and the diameter of long
axis is about 40nm. The cycle fatigue life is 4.22×106 cycle in R=0.1, f=8Hz, and C max=127-210MPa. The fatigue crack initiates
in surface of Al-5Zn-2Mg aluminum alloy sample, while the fatigue crack come into being and propagate along the rolling
direction. The fatigue stress causes the loose microstructure. There have the fatigue striations and shell texture in fatigue crack
propagation zone.
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Selection and peer-review under responsibility of the Chinese Heat Treatment Society.
Key Words: high strength aluminum alloy; microstructure, fatigue damage;
1. Instruction
Al-5Zn-2Mg aluminum alloy is a 7000 series high strength aluminum alloy, and its can be strengthen by heat
treatment. The high strength aluminum alloys are widely used in the aerospace, rail transportation, automotive and
other fields [1-3]. The Al-5Zn-2Mg aluminum alloy is suitable for manufacturing load-bearing parts of aircraft, high
speed train and city railway train High temperature quenching and aging treatment can significantly improve the
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microstructure of 7000 series aluminum alloy, which greatly improved the mechanical properties of tensile strength.
Currently, the research on heat treatment process of high strength aluminum alloy mainly focus on aging [4-6].
Whatever in aerial vehicles or rail vehicles, the parts manufactured with the Al-5Zn-2Mg aluminum alloys is
constantly loaded the complex stress in the process of the service. Although these forces are lower than alloy tensile
strength or yield strength, materials and components of properties are gradually damaged under the cyclic alternating
stress[7, 8].
2. Experimental materials and methods
The chemical composition of Al-5Zn-2Mg high strength aluminum alloy is shown in table 1. The Al-5Zn-2Mg
high strength aluminum alloy is strengthened with T5 heat treatment. The T5 state is by cooling in high temperature
forming process, and then gets the artificial aging condition. Fatigue property is tested by MTS810 fatigue test
machine, fatigue test stress ratio R is 0.1, and frequency is 8Hz. The specimens of fatigue experiment are plate, and
its thickness is 4mm. The sketch of the fatigue specimen is shown in Fig.1.
Table 1. Chemical composition of Al-5Zn-2Mg high strength aluminum alloy /%
Al Mg Si Zn Fe Cu M n Cr Ti V Z r
Ba1 ~2.0 ~0.3 ~5.0 ~0.3 ~1.0 ~0.2 ~0.3 ~0.2 ~0.1 ~0.2
Fig. 1. Sketch of the fatigue specimen
The microstructure of Al-5Zn-2Mg high strength aluminum alloy was observed by XJL-03 type metallographic
microscopy. The sample was corroded by Keller reagent. The fracture morphology of Al-5Zn-2Mg high strength
aluminum alloy was observed and analyzed by S-3400 type field emission scanning electron microscopy. The
micro-structural morphology and the second phase were observed by JEM-100 CX type transmission electron
microscopy, and TEM specimens were made by ion milling instrument.
3. Experimental results and analyses
3.1. Microstructure
Fig.2 is the metallographic structure of Al-5Zn-2Mg aluminum alloy on vertical rolling direction and parallel
rolling direction. From the picture, it can be seen that microstructure of aluminum alloy is uniform distribution, but
the rolling direction is clear. So, anisotropy of rolling materials should be paid attention to the influence of the
service property of important engineering structure in aviation.
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(a) (b)
Fig. 2. Microstructure of Al-5Zn-2Mg aluminum alloy (a) vertical to the rolling direction (b) parallel to the rolling direction
Fig. 3(a) is SEM morphology of Al-5Zn-2Mg aluminum alloy on vertical to the rolling direction. Although the
precipitates of Al-5Zn-2Mg aluminum alloy are uniformly distributed, the diameter of larger precipitates is about
1Rm. These precipitates are general oxide or a mix of strengthening phase and oxide, distributing along with the
rolling direction. The oxide inclusion will lead to the early initiation of micro-cracks and reduce the ability of the
fatigue damage resistance.
In order to research the composition and structure of, material was analyzed by diffraction, and the x-ray
diffraction spectrum is shown in Fig. 3(b). Obviously, there is only S-Al solid solution in the diffraction spectrum,
which means that the contents of second phases are little in the Al-5Zn-2Mg aluminum alloy. Although increasing
contents of the : (MgZn2) transitional strengthening phases can improve the strength of materials, too much :
phases will have a serious effect on ductility and toughness of materials. Therefore, the contents of : phase cannot
be too high.
(a) (b)
Fig. 3. SEM morphology and XRD spectrum of Al-5Zn-2Mg aluminum alloy (a) SEM morphology (b) XRD pattern
Fig.4 is the TEM bright field image of Al-5Zn-2Mg aluminum alloy. From the picture, it can be seen that :; the
(MgZn2) transitional strengthening phase mainly precipitated along the grain boundaries. The strengthening phase
particles were ellipsoidal. Its diameter of short axis is about 20nm, and its diameter of long axis is about 40nm.
Because Mg, Zn diffused into the grain boundaries and precipitated in the form of the :; strengthening phase, there
is no precipitation phase in matrix near the grain boundary.
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Fig. 4. TEM of Al-5Zn-2Mg aluminum alloy
3.2. Fatigue damage
Under variable amplitude pulsed fatigue loading, the simulated cumulative fatigue test of Al-5Zn-2Mg high
strengthening aluminum alloy showed that fatigue life can reach 4.22×106 cycles under the maximum tensile stress
in 127-210MPa variable amplitude.
Fig. 5(a) is the surface damage morphology of parallel to rolling direction in low cycle fatigue test. Apparently,
fatigue cracks initiated and propagated along the rolling direction, which means the rolling direction has a
significant effect on the fatigue initiation and propagation. Fig. 5(b) is the internal fatigue damage morphology of
vertical to rolling direction specimen. It is clear that the microstructure becomes loose with the repeatedly cyclic
fatigue loading. These porosities indicated the micro-cracks may be gradually initiated.
(a) (b)
Fig. 5. The fatigue damage morphology of Al-5Zn-2Mg aluminum alloy (a) the surface damage morphology (b) inner damaged microstructure
Fig.6 is fatigue fracture morphology of Al-5Zn-2Mg aluminum alloy. The fatigue fracture is divided into fatigue
initiation region, fatigue crack propagation region and final rupture region. From Fig. 6(a), it can be seen that fatigue
crack initiated in the specimen surface, and there is a tiny air hole in the subsurface. Since the highest stress of
components are usually initiated from surface or near surface area, machining defects, inclusions, pores or grain
boundaries of coarse grains under the cyclic loading, which are easy to become a serious stress concentration and
make the initiation of micro-cracks. As shown in Fig. 6(b), there are fatigue striations and shell textures in the
fatigue crack growth area of Al-5Zn-2Mg aluminum alloy. The distance between striations of fatigue is the crack
propagation distance in a stress cycle. The shell textures are formed by the processing of cyclic loading, which
contain a number of fatigue cycles and also contain multiple fatigue striations. In the crack propagation stage, the
fatigue damage basically propagated along the vertical direction of the main stress. Fig. 6(c) is final rupture region
of Al-5Zn-2Mg aluminum alloy. It can be observed that fibrous tissues formed in the process of rolling are pulled
out from the matrix of materials and to be a deep sheet hole.
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(a) (b) (c)
Fig .6. SEM of fatigue fracture in Al-5Zn-2Mg aluminum alloy (a) crack initiation (b) crack propagation region (c) final rupture region
4. Conclusions
(1) The microstructure of aluminum alloy is uniform distribution, but the rolling direction is clear. The inclusions
and precipitation mainly distributed along the rolling direction, and the diameter of larger precipitates is about 1Rm.
The transitional strengthening phase :; (MgZn2) mainly precipitated along the grain boundaries. The strengthening
phase particles were ellipsoidal. Its diameter of short axis is about 20nm, and its diameter of long axis is about 40nm.
(2) The fatigue life under the maximum tensile stress in 127-210MPa variable amplitude can reach 4.22×106
cycles and other parameters are R=0.1, f=8Hz. The surface fatigue cracks initiated and propagated along the rolling
direction. And repeatedly cyclic fatigue loading made microstructure of materials loose. The fatigue crack initiates
in surface of Al-5Zn-2Mg aluminum alloy sample, and there are fatigue striations and shell textures in the fatigue
crack growth area of Al-5Zn-2Mg aluminum alloy. While fibrous tissues formed in the process of rolling are pulled
out from the matrix of materials in the final rupture region.
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